INTRODUCTION
The interest in the local structure of nanophase materials [I] stems from the high density of grain boundaries (GB) present; in fact, one can attempt to study the structure of these defects by volume sensitive methods. Fundamental questions are: what is the local structure of a GB? is it different in a coarse grained or nanophase material? The proposal [2] of a GB radial distribution function lacking either short-range or long-range order has been controversial with results from different techniques either supporting or rejecting this model.
XAFS has played an important role in this discussion [3] . In fact, all measurements reported to date[4-91 have shown a reduction of average coordination numbers (CN's) in the first few coordination shells. In a set of GB's with a random distribution of crystallographic orientations reduced CN's have two possible origins. In the limit of incoherent, nonreconstructed GB, where the perfect crystal extends all the way to the boundary plane the reduction is identical to that of a free surface; the important parameter is the surface-to-bulk (SBR) ratio of the ensemble. A second origin could be the presence of GB's with low packing density and with a wide distribution of interatomic spacings. We note that the reduction in CN's previously reported by XAPS was greater than that compatible with the first origin of reduction of CN's.
In the present paper we report XAFS measurements of n-Pd samples which have been carefully characterized by XRD [lo] . We report a full analysis up to the 8th coordination shell which complements first shell results already published [ll] . Related results on n-Cu have been published, at the same time as ours, by other authors [12] .
SAMPLE PREPARATION AND EXPERIMENTAL
Six samples of n-Pd were prepared by inert gas condensation with different treatments following the deposition. One sample ( n l ) was not consolidated All other samples were consolidated in situ under high vacuum for 5 to 10 minutes at 1 -2 GPa; at this stage samples have a density from 84 to 87% of coarse grained Pd. Following room temperature consolidation one sample was kept at liquid Nitrogen temperature (LNT) up to 1 week before measurement in order to reduce room temperature @T) grain growth. Two samples were stored at RT for different periods of time and the remaining two samples were subjected to annealing and hot-pressing procedures. The particle size distribution functions, n@), for all our samples has been determined by indirect &convolution of Bragg peaks [lO] . The average grain size can be determined from this and it is listed in table 1, together with sample history.
In order to perform XAFS experiments a thin (= 10 pm), homogeneous sample is required[l3]; consequently much care was devoted to this aspect. Notice that all known experimental artifacts tend to reduce the measured coordination numbers, not to enhance them. The samples were lightly ball milled at LNT in order to produce a powder which was then dispersed in toluene using an ultra-sound bath. Only the finest particles were then deposited on a cellulose membrane forming a homogeneous sample. XAFS measurements were performed on the GLDA CRG (D8) beamline of the ESRF. A Si(311)
Mailing address: GILDA CRG, ESRF, BP. 220,38043 Grenoble, France. 
3.RESULTS
Representative XAFS functions are reported in Fig.la In a second step the GNXAS [15] program was used in order to analyze the spectra up to the 8th coordination shell. First of all, the spectrum of the coarse grained foil was analysed in order to check the theoretical phase shifts and in order to determine so2. The fit was performed in k -space in the range k = 3 -20 a-l, R = 0 -8 A, with a total of 12 free parameters.
Included in the fit were all two-body signals up to the 7& coordination shell and the following three-body signals: the 90" and 120" triangles involving nearest neighbours and the two wllinear configurations involving lSt and 4& neighbours on the one hand and 2nd and 8th neighbours on the other. The Fourier transform of the (excellent) fit is displayed in Fig. 2a . 
I
While the determination of the 1st shell CN is affected by a reasonable error we found that fitting of the higher shells yields unreasonably large ones; consequently, an alternative procedure was used. As described below, the reduction in CN for nanophase materials can be described by a linear decrease with interatomic distance. The value of the a parameter (eq. 1) was determined from the first shell and was then used in a multi-shell fit (as for the foil); very good fits were obtained, Fig. 2b .
DISCUSSION
The first conclusion which can be drawn from the analysis is that for samples 2 to 6 there is no evidence for large reductions in CN' s. The CN found for these samples is, however, different from that of the foil (both from the present analysis First shell CN values for samples 2 to 6 are all quite close to both estimates. Moreover, the multi-shell fits with the experimentally determined a values show very good agreement with the data. The present measurements indicate, therefore, that the reduction of CN for compacted materials can be explained by a size effect with no evidence of further reduction, provided the particle size distribution is determined. GB's are thus found to be non-reconstructed and incoherent. No evidence is found for disordered GB components. This is the main conclusion of this paper.
The slight enhancement of first shell a2 with respect to the coarse grained foil indicates that the process of evaporation and compaction produces a slight distortion of the local environment which is insensitive to further hot pressing or annealing.
It is interesting to compare the present result with the determination of disorder by XRD. In fact, an (isotropic) increase :
A2 in the mean square displacement (MSD) was found by XRD [16] , to be compared with the 0.7 -1.0 x we find for the increase in u2. By comparing the numerical results of the two techniques we conclude that the increase in MSD is due in the most part to atomic displacements which are correlated in first coordination shell.
Sample 1 (with a negligible grain boundary density) shows a greatly reduced CNEXP. This fact alone suggests that the origin of the reduction of average coordination number for the compacted samples must be found in a size effect and cannot be attributed to the presence of GB's [8] . The reduction of C N E X~ is not, however, reproduced by our estimate. There may be a number of reasons for this, including that our model of size distribution is not correct for uncompacted samples. It may well be that there are many more small diameter grains than presently estimated and that they coalesce during compaction; in fact it has been noted that the determination of the size distribution by XRD may neglect small diameter grains [lO] .
A XAFS study of n-Cu[l2] found that the CN in the first shell was, within the errors, equal to that of the foil. The main difference with the present study is that surface sensitive TEY detection was used, the near-surfacqgrain size distribution was not, however, determined and this may be different from that of the bulk. Common to the present work is the conclusion that disordered GB's are not present. 
